In this article, we tentatively assign the Zc(4600) to be the [dc]P [ūc]A − [dc]A[ūc]P type vector tetraquark state and study its two-body strong decays with the QCD sum rules based on solid quark-hadron duality, the predictions of the partial decay widths can be confronted to the experimental data in the future to diagnose the nature of the Zc(4600).
Introduction
Recently, the LHCb collaboration performed an angular analysis of the decays B 0 → J/ψK + π − using proton-proton collision data corresponding to an integrated luminosity of 3fb −1 collected with the LHCb detector, studied the m(J/ψπ − ) versus m(K + π − ) plane, and observed two possible structures near m(J/ψπ − ) = 4200 MeV and 4600 MeV, respectively [1] . The structure near m(J/ψπ − ) = 4200 MeV is close to the exotic state Z c (4200) reported previously by the Belle collaboration [2] . The structure near m(J/ψπ − ) = 4600 MeV is in excellent agreement with our previous prediction of the mass of the [ and study its two-body strong decays with the QCD sum rules based on solid quark-hadron duality by taking into account both the connected and disconnected Feynman diagrams in the operator product expansion [8] , which is valuable in understanding the nature of the vector tetraquark states.
The article is arranged as follows: we obtain the QCD sum rules for the hadronic coupling constants G ZcJ/ψπ , G Zcηcρ , G ZcJ/ψa0 , G Zcχc0ρ , G ZcD * D * , G ZcDD and G ZcD * D in section 2; we present the numerical results and discussions in section 3; section 4 is reserved for our conclusion.
2 The QCD sum rules for the hadronic coupling constants Now we write down the three-point correlation functions for the hadronic coupling constants G ZcJ/ψπ , G Zcηcρ , G ZcJ/ψa0 , G Zcχc0ρ , G ZcD * D * , G ZcDD and G ZcD * D in the two-body strong decays where the ξ µ are the polarization vectors.
At the hadronic side, we insert a complete set of intermediate hadronic states with the same quantum numbers as the current operators into the three-point correlation functions and isolate the ground state contributions to obtain the following results [10, 11] , where we have used the following definitions for the hadronic coupling constants,
where the
We study the correlation functions Π(p ′2 , p 2 , q 2 ) at the QCD side, and carry out the operator product expansion up to the vacuum condensates of dimension 5 by taking into account both the connected and disconnected Feynman diagrams and neglect the tiny contributions of the gluon condensate. In Fig.1 , we draw the Feynman diagrams for the correlation functions Π i µν (p, q) with i = 1, 2, 3, 4 as an example. The connected and disconnected Feynman diagrams correspond to the factorizable and non-factorizable contributions respectively. The factorizable contributions, even the perturbative terms, involve the rearrangements in the color, flavor, and Dirac spinor spaces, which differ greatly from the fall-apart decay of a loosely bound two-meson state.
Now we obtain the hadronic spectral densities and QCD spectral densities through dispersion relation, and write down the correlation functions in the spectral representation,
,
where the subscripts H and QCD denote the hadron side and QCD side of the correlation functions respectively,
u are the thresholds. There are three variables s ′ , s and u at the hadron side, while there are two variables s and u at the QCD side. We math the hadron side with the QCD side of the correlation functions, and carry out the integral over ds ′ firstly to obtain the solid duality for the decays Z → BC [6, 8] ,
where the B and C denote the final states, the s 0 B and u 0 C are the continuum thresholds. Compared to other works on the two-body strong decays of the tetraquark state candidates [12, 13, 14] , we do not need to introduce the continuum threshold parameter s 0 Z in the s ′ channel by hand to avoid contamination (such as introducing
, or make special assumption of the value of the squared momentum q 2 (such as taking the limit q 2 → 0 to obtain the QCD sum rules, calculating the G ZcBC (
C with highly model dependent functions). In other words, we need only carry out the operator product expansion at large space-like region −p 2 → ∞ and −q 2 → ∞, where the operator product expansion works. For the technical details, one can consult Refs. [6, 8] . We write down the integral over ds ′ explicitly,
where the ground state hadronic spectral densities ρ H (s, u) are known, the transitions
between the higher resonances (or continuum states) and the ground states B, C are unknown, we have to introduce the parameters C Z ′ B and C Z ′ C to parameterize the net effects,
Then we set p ′ 2 = p 2 , or 4p 2 , and perform the double Borel transform with respect to P 2 = −p 2 and Q 2 = −q 2 respectively to obtain the QCD sum rules for the hadronic coupling constants,
Now we give an example to illustrate how to carry out the operator product expansion. The correlation function Π 1 µν (p) at the QCD side can be written as,
where the i, j, k, m, · · · are color indexes, the S ak c (x) and S bj (y) are the full c and u/d quark propagators, respectively [11, 16, 17] . We carry out the integrals over d 4 x and d 4 y, and take into account all terms proportional to the tensor structure ε µναβ p α q β , irrespective of the perturbative terms, quark condensate terms and mixed quark condensates terms, in other words, we calculate all the Feynman diagrams shown in Fig.1 . However, not all terms (or Feynman diagrams) have contributions due to the special tensor structure ε µναβ p α q β .
Numerical results and discussions
At the QCD side, we take the vacuum condensates to be the standard values= −(0.24 ± 0.01 GeV) 3 , qg s σGq = m [19] . Moreover, we take into account the energy-scale dependence of the quark condensate, mixed quark condensate and M S masses from the renormalization group equation,
where t = log
, Λ = 210 MeV, 292 MeV and 332 MeV for the flavors n f = 5, 4 and 3, respectively [19, 20] , and evolve all the input parameters to the optimal energy scale µ with n f = 4 to extract the hadronic coupling constants. In this article, we take the energy scales of the QCD spectral densities to be µ = mη c 2 = 1.5 GeV, which is acceptable for the mesons D and J/ψ [6, 17] . In this article, we neglect the small u and d quark masses.
The [24] , f χc0 = 0.359 GeV [25] , m Z = 4.59 GeV [3] , Table 1 : The Borel windows, hadronic coupling constants, partial decay widths of the Z c (4600).
We set the Borel parameters to be T 
0003 GeV 6 to obtain platforms in the Borel windows, which are shown in Table 1 . The Borel windows T We take into account the uncertainties of the input parameters, and obtain the hadronic coupling constants, which are shown in Table 1 and Figs.2-3. Now it is easy to obtain the partial decay widths of the two-body strong decays Z c (4600) → J/ψπ, η c ρ, J/ψa 0 , χ c0 ρ, D * D * , DD, D * D and DD * , which are also shown in Table 1 . From Table 1 , we can see that the partial decay width
+20.5 −14.9 MeV is rather large, which can account for the observation of the Z c (4600) in the J/ψπ − mass spectrum, although it is just an evidence. We can saturate the width with the two-body strong decays and obtain the total decay width, Γ(Z c (4600)) = 144.8
which is reasonable for the tetraquark state. The present predictions can be confronted to the experimental data in the future, which may shed light on the nature of the Z c (4600 
